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PURPOSE:

The purpose of this evaluation is to provide additional
documentation that the modified 36-~inch Fiberglass Reinforced
Plastic (FRP) elbow and nearby ancher, both located in the above
ground portion of the N71 Circulating Water Auxiliary Condenser
inlet piping, are acceptable for continued service. In order to
accommodate this requirement, more detailed evaluations of the
piping along with a rigorous evaluation of the failed anchor were
performed considering both conservative cperating conditions and
an imposed displacement criteria based on field measured
movements.

In addition to the inlet piping, the N71 Circulating Water
Auxiliary Condenser outlet piping was also evaluated under systen
operating conditions to document the piping stress levels and
anchor'loads presently existing in the outlet piping in the region
of the above ground FRP elbow.

BACKGROUND:

Initial evaluations of the failed N71 FRP elbow centered on
performing a ccnservative evaluation of the stresses at the
critical location of the modified elbow. Because this evaluation
was intended to give assurance that the elbow stresses were
acceptable, a conservative method was used to maximize stresses by
artificially displacing the anchorage to provide a displacement
envelope which could be monitored in the field to provide
assurance that the FRP elbow stresses were within acceptable
values. At this point in time, the emphasis was on the fiberglass
piping, not the long-term adequacy of the anchor support (IN71=-
HOO01%). 1In the interim until such a long term evaluation was
performed, anchor 1N71-H0013 would be monitored via a baseplate
scratch pad to provide indicaticn of pessible overload.

PROCEDURE:

As a consequence of the regquired repairs to the Jé6~-inch diameter
fiberglass elbow in t.e inlet line to the auxiliary condenser and
the nearby anchor 1N71-H0Q1l, G/C performed severa. analyses tO
provide additional assurance that the system is operating long-
term within a safe envelope. These evaluations consisted of
several phases as described below:

INITIAL EVALUATION:

The initial analyses were performed by G/C shortly after the
rupture of the fiberglass elbow to provide CEI with a pipe
movement criteria which could be monitored at the site, This
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criteria was produced using a truncated model of the Auxiliary
Condenser Circulating Water (CW) inlet piping with conservative
boundary conditions to evaluate maximum stresses in ths fiberglass
elbow. Three separate values of 30, 50, and 70 1lbs/in” for the
soil modulus of subgrade reaction were vtilized in order to
conservatively estimate the maximum stresses in the region of the
FRP elbow. Initial results produced by this model indicated that
concurrent cdisplacements of 0.12%5 inch in both the vertical and
heor.zontal directions produced a maximum combined stress of 1922
pei in the critical region of the failed elbow which resulted in a
factor of safety of 2 when compared to the long term strength of
the FRP piping of 3800 psi.

A more detailed description of the original model and the results
of this initial evaluation are provided in Appendix I of this
report,

ADDITIONAL ANALYSES:

Based on this initial criteria, a monitoring system was installed
by CEI on the inlet piping to record the movements of the system
at the flange connection to the FRP piping. In conjunction with
this monitering system, it was decided to perform additional
analyses of the system to more accurately determine the adequacy
cf the piping and anchor in the vicinity of the FRP elbow. These
additional analyses included an erpanaed piping model of the
Auxiliary Condenser Circulating Water (CW) inlet line to include
the piping to the condensers and also portions below ground in
order to include additional effects which could be influencing the
stresses in the FRP elbow. The below ground inlet piping model
was extended for apprec' imately 35 feet to the connection to the
144~-inch CW line. An expanded model was also utilized to evaluate
the loads and stresses existing in the CW outlet pilping, and was
extended for a similar distance underground.

In addition to the operating case, other load cases were analyzed
including a flow transient case in order to assure that no
significant dynamic loads occurred in the piping during system
operation, and a target criteria case to envelope predicted worst
case movements of the piping.

1. INLIT MODEL: (Figures 1 and 2)
EXPANDED CONFIGURATION:
The original model of the inlet piping was expanded to include

the additional piping going to the auxiliary condersers and
additional underground piping teo account for displacements
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which may be influenced by the buried FRP piping thermal and
pressure effects. Because of the importance of determining
the nature of the existing anchor lcads, a detalled finite
element model of the suvport IN71-HOO013 was constructed to
provide detailed spring constants for use in the piping
analysis. As described below, this model was alsoc used to
evaluate the imposed piping forces arnd moments resulting from
the various lecading conditions. The loads on the anchor were
evaluated utilizing a STARDYNE finite element model as
described in Appendix II. Localized stresses and the weld at
the pipe to anchor connection were evaluated separately
utilizing the WERCO computer progran.

SOIL PROPERTIES:

The initial piping analysis utilized several values of
horizontal soil modulus of subgrade reaction. Based on the
results of this initial evaluation and a more detailed review
of the analytical data, the expanded piping models were
evaluated for two different pairs of values for the soil
medulus of subgrade reaction in the horizontal and vertical
directions. A furtaer review of the resulting analyses
determined that the most critical support loads were caused by
the stiffer soil properties. Based on this evaluation, all
expanded model piping load casas were run with the stiffer
scil properties.

CPERATING CONDITION:

The expanded inlet model was run for a design/cperating
¢ordition with a §T of 65°F (30-95°F) above ground, 40°F below
jround, and a pressure of 40 psig. Herizontal and vertical
soil springs were included corresponding go the values of scil
nodulg: of subgrade reaction of 135 1lb/in“ vertical and 70
lb/in” lateral as previously determined.

2. OUTLET MODEL: (Figures 1 and 4)
| OPERATING CONDITION:

A separate model was utilized for the Circulating Water
Auxiliary Condenser outlet piping because of differences in
configuration both above and below grade. The outlet piping
| was analyzed at a 12°F higher temperature than the inlet
| oiping and at a pressure of 39 psi. As was done for the inlet
piping, concurrent maximum loadings resulting from a flow
transient analysis were include. in the analysis. f
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INLET/CUTLET MODELS:
FLOW TRANSIENT LOADS:

Because of the concern that the initial rupture may have been
caused by an unanalyzed loading due to flow transients in the
system, a detailed evaluation of the sy=tem operating modes
was made. It was determined that the o..ly flow transients
that were possible were those resulting from pump switching
operations in the CW system. The evaluation of these
transients are described in detail in the following section.
As may be seen, the magnitudes of the forcing functions
obtained from this analysis are relatively small; however,
they were included in the piping snalysis for completeness.
Conservatively, maximum loadings were applied concurrently to
the piping system at each change in direction. The resulting
loads and stresses were combined absolutely with the loads and
stresses obtained in the deadweight and thermal analyses.

INLET MODEL:
DISPLACEMENT TARGET CRITERIA:

The expanded inlet model was run with forced displacements at
the flange location to better define the original criteria
with respect not only to stresses in the FRP elbow but also
the resulting locads on the anchor 1N71-HO0012. As a means of
providing a criteria to monitor operation of the systenm,
displacements were induced in the piping models corresponding
to movements of 0.125 inches in the vertical direction and
0.135 inches in the horizontal direction. These displacement
values were supplied by CEI as conservative envelopes of
monitored displacement data.

The lcads on the anchor were evaluated as described above
utilizing a STARDYNE finite element model. Localized stresses
at the pipe to anchor connecticn were evaluated separately
utilizing the WERCO computer program. Because the taryet
criteria case is considered to only assure that pressure
integrity is maintained in the piping system, only primary
loads due to deadweight and flow transients are evaluated.

The displacement lcadings are considered tc produce secondary
piping stresses which are self-limiting and are therefore not
included under primary stress evaluations.

EFFECTS:
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See Appendix II of this report for a discussion of the

methodology and analyses used to evaluate the pipe support
anchers in the Circulating Water Auxiliary Condenser inlet
line (Mk No 1IN71-H001)' and outlet line (M No IN71-H0021).

HYDRODYNAMIC LOADS EVALUATION:

See Appendix III of this report for a discussion of the
hydraulic analyses performed to determine potential hydraulic
locads (impulse and transient) in the Jé-inch diameter
Circulating Water Auxiliary Condenser piping.

RESULTS AND CONCLUSIONS:

A detaliled analysis of both the inlet and outlet N71 Circulating
Water Auxiliary Condenser piping has demonstrated the adequacy of
the piping and anchor under operating conditions, including all
possible flow transients. The :aximum stress occurring in the
inlet piping FRP elhow region above ground was determined to be
2014 psi resulting in a factor of safety of 1,9 when comparad to
the long term strength of 2800 psi. The maximum stress oceurring
in the outlet piping FRP elbow region above ground was determined
to be 2232 pei resulting in a factor of safety of 1.7 when
compared to the long term strength of 3800 psi.

As a means of providing a criteria to monitor cperation of the
system plus to lemonstrate added margin, displacepents were
artificially induced in the piping model corresponding to
novenents of 0.12% inches in the vertical (upward) direction and
0.135 inches in the horizontal (North) directien. OUnder this
envelope condition, it has been demonstrated that the maximum
stress in the above ground FRP is 1948 psi resulting in a factor
of safety of 1.9 when compared with the long .arm strength of 3800
pei for the FRP material.

The anchor evaluation for the target criteria case has shown that
the anchor components cannot be shown to be adeguate for the full
amount of criteria displacement. The maximum allowed displacement
that is acceptable based on standard design criteria (Reference 1,
Appendix II, Part B) for the ancher has been astir.ted to be 0,081
inches in the horizental (North) direction and 0.07% inches in the
vertical (upward) direction when measured at the flange .ocation.
The displacements at which the anchor components achieve
functional "imits havae been estimated to be 0.115 inches in the
horizontal airection and 0.106 inches in the vertical direction,
again measured at the flange location.
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APPENDIX I
INITIAL G/C ANALYSIS OF FIBERGLASS INLET PIPING 1/3/92
OBJECTIVE

The purpose of this analysis is to evaluate the potential stress levels
in the reinforced fiberglass portions of the PNPP FW pump drive turbine
condenser cooling water piping for a variety of environmental
conditions. The objective is to provide CEI with some pipe movement
criteria that can be used in monitoring the system to provide
reasonable assurance that the piping is operating within a safe
envelope of deflection,

The results of this analysir are to be considered approximate due to
the fact that the procedures used are typical of those used to analyze
steel pipe and may not be entirely appropriate for reinforced
fiberglass pipin?; however, the results are adeguate for the intended
purpose of defining an acceptable pipe movement criteria. Further, the
results are influenced by the variability o the modulus of elusti-ity
for fiberglass pipe depending upon the crientation of the reinforcing
fibers and the possibility that properties of “he existing pipc may
have changed over time.

ANALYSIS BOUNDARIES

The analysis was performed with th= use of the CAEPIPE program, a PC~
based general purpose pipe stress program. The model consisted of a
truncated section of the pipe running from a rigid hanger IN71-H(0014 at
Elevation 634' to the buried fiberglass elbow at Elevation 608'~7",

The model includes the new fiberglass elbow at the transition to the
carbon steel pipe north of anchor HO131.

INPUT DATA

The fellowing raterial characteristics and environmental conditions
were incorporatad into the analysis:

l. Material properties:
Steel pi per A=135 Grade KC 60 CL2
E=27.9%10° psi
a=6,07x10"% in/in/°F

Elberglass
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Elbow - Flexural modulus E=1,29x10° psi
Pipe ~ Flexural modulus E=1,2x10" psi
Elbow - Expansion coefficient a=12.0x10"% in/in/°F
Pipe =~ Expansicn coefficient a=11.1x10"% in/in/°F

{The tensile or hoop moduli are not considered in the CAEPIPL
progran.)

2. Envirenmental conditions:

Temperature range §T=65°F above Elevation 315'-1"

Temperature range §T=40°F below Elevation 615'-1"

Pressure P=%8 psi

$0il modulus of subgrade reaction kK = J0-70 lb/in/in#
(80il springs corresponding to 30, 50, and 70 Ib/in/in? were
used in order to bracket the range of k.)

3. Imposed movements at Anchor HO13:

Movements of 1/8" northward (+x) and 1/8" down (~y) were selected
as reasonable boundary limits of motion for the pipe at the
anchor nearest the flange connection between the fiberglass
elbow., The northward movement corresponds to the diametric
¢clearance in the holes fcr the anchor belts in the HO1)
baseplate, and a2 vertical movement of similar magnitude was
arbitrarily chosen. The directions of these movements (northward
and down) were chosen conservatively so that they would be
additive to the effects of thermal expansion.

A run with the anchor moving 1/8"™ up instead of down was made in
order to confirm that the assumption of downward mevement was
more conservative.

ANALYSIS RESULTS

The following results are considered approximate and tentative at this
time, pending review and verification of the inputs and calculations.

The highest stresses in the fiberglass piping occur at the top of the
vertical section of the 36.8" diameter run where it connects to the
tapered transition section on the bottom of the new elbow. This is due
to the felatively high bending moment at the critical section combined
with the minimum section modulus where the thin wall (0.400") ends.

The results of the analysis, which include the combined effects of
weight, thermal expansion, and imposed movement at the 1N71-HOOLZ
anchor are as follows (based on soil k=50 lb/in/in?):

1. Movements at points of interest
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Beint —yertical movement cthe movement
Anchor HO13 =-.,125" (imposed) +125" north (imposed)
Flanges .121" down 163" north
Critical section .206 down 098" north

(Top of thin
wall section)

2. Axial force and bending moment at the critical section

Axial force F,=10,948 1lb in compression
Bending mom-n{ M,=19,816 ft-1lb (237,792 in=-lb)

3. Combined longitudinal stress at the critical section
Longitudinal stress S=1911 psi

The effects of varying the scil modulus of subgrade reaction by more
than 100% are slight, resulting in a total varlation in combined
stresses of only 2% at the critical section. The critical section
compressive force, bending moment and combined stress for various
values of X are as follows:

medulus k  Axial force BRending moment '
30 1b/in/in? 10,045 1b 18,854 ft-1b 1883 psi
$0 1b/in/in? 10,948 1b 19,816 ft-1b 1911 psi
70 1b/in/in3 11,504 1b 20,221 ft-lb 1923 psi

In order to confirm that a downward mevement of 1/8" at Anchor HO1l wasg
more critical than an assumed upward movement of 1/8", the analysis
model was modified to impose an upward movement instead of a downward
movenment. A comparison of the results for the critical section is as
follows (soil k=50 lb/in/in3, HO1l movement unchanged at 1/8" north):

Myt . . HOW2 Axial force Bending momen® Combined stress
1/6" down 10,948 1b 19,816 ft-1b 1911 psi
1/8" up 2,175 1b 7,794 ft-1b 1861 psi

The maximum single component of the combined stresses is the
longitudinal pressure stress of 1291 psi in tension, due to the
internal prersvre of 58 psi.

CONCLUSIONS

PAGE 8
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For postulated movements of 21/8" vertically and 1/8" northward at the
IN71-HO013 anchor, the stresses at the most critical section of the
fiberglass piping do not exceed 1923 psi which results in a factor of
safety of 2 when compared to a 3800 psi long term strength for the FRP
piping. These movements are considered to be the maximum credible
movements at the location of this anchor, considering liberal
installation tolerances at the anchor. Since the largest single
component of the critical pipe stress is the longitudinal pressure
stress of 1291 psi, the maximum combined effect of thermal expansion
and postulated anchor movement is only 632 psi. Therefore any movement
of less than 1/8" in any direction at the anchor or adjacent flange is
considered to be trivial with respect to stresses in the fiberglass
piping. Wide variability in the soil modulus of subgrade reaction has
been shown to have little effect on forces, moments, and stresses in
the piping.
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horizontal soil modulus of subgrade reaction, Based on the results of |
this initial evaluation and a more detailed review of the analytical |
data, the expanded piping models were evaluated for two different pairs '
of values for the soil modulus of subgrade reaction in the horizoental 1
and vertical dirsctions. A further review of the resulting analyses |
determine” that the most critical support lcads are caused by the

stiffer soll properties. Based on this evaluation, all piping load
cases were run with the stiffer soil properties. |

The operating, fluid transient, deadweight, and target criteria loads

are presented in table II-~2, The Joaa combinations used for the !
STARDYNE computer analysis are presented in table I1-2,

!
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TABLE [1°2  SUMMARY OF BASIC LOADS ON SUPPORY Me MOS, HOO1S & wOOR

,' SUPPORT MK NOS, WOO'D & w002V
LOAD CASE SUPPORT LOADS IN PIPING CODRD INATE SYSTEM (lis, f1)
L3 (2] n L LA LH
(lbe) (i) (its) (ét-ibs) (Tt -lbm) (ft-lbw)
DEAD VT L] AT % 31 J 2?4 49 <330
ﬂﬂﬂl’ (NO01D) FaR! | AW S 124 a5t <1998 A7
DESN/OP (WDO2Y) b1 S Figd « s 5616 3521 1280
TRANS (MO0'Y) 1708 1248 1 1% 238 S 144
TRANS (w0021 1003 413 e b 266 N
FLANGE wwt 3 19928 3384 3 1308 bl 8%
(135, 125" )
EYLERsED P saw

TABLE 11+3  SUMMARY OF COMBIMED LOADS L4 SUPPORT WK NOS. WOD1S & »0O2Y

am
SUPRORT MK NOS. WOO'E & WOORY
LOAD CASE LOADS IN PIPING CODRD SYSTEN AT CENTER OF 36" DIAM PIPg PEMARES
" " L1 L1 LA LH
(kips) (kips) (kips) (inekip) (inckip) (invkip)
HOD13: OPER 3.an 2.968 0.27% S35 3R S.648 [FX, FY, W2 -« MOST POSITIVE COME
o/« FLUID TRANS FT. MY, MY <o MAXIMIZE MAGHITUDE
#OO21: OPER 1.587 7. 864 0378 66BN cAS.AAh VA ZB2 [FX, FY, NI - MOST POSITIVE COME
o/« FLUID TRANS P2, MK, MY oo MANIMIZE MAGK!TUDE
DEAD « 20,923 .00 0.047 13, 044 ‘.52 59,948 K1 s 1.00
KISCPLG W 1)
17.9% 15.252 0.037 0,688 1.9 b 1% K2 s 0.8

DEAD «
K2*(FLG MvmT 2)

DEAD + Th. 8 9.4 0.027 8.3% 3.150 29,50 3« 0N
KR (PLG UweT D)

OEAD + 12.982 §.456 .o 6. 780 2.6%8 19,604 e 0.8
KL*(FLG mwMT 2)

DEAD + 10.95%¢ 1.817 0.0% $.1%0 2,082 9.768 5+ 6.5
KS*CFLO VMY 2)

DEAD ¢ 8,966 .02 0.007 3.619 1.548 0,108 LU 0.40
KE*(FLG wMwT 2)

PACE 114

B e






G/C REPONT! EA-182 REVISION ¢
PERRY NUCLEAR POWER PLANT (TA #92-0002)

APPENDIX I1
PART B

RIFPE QUFRORT ANCHORAGE EVALVATION POR PRXANG REFECTS

vii- support base plates attached to reinforced concrete structures

using conerete expansion anchors are evaluated in accordance with the

PNPF anchorage design quide (Ref. 1). The particular type of anchors
used to anchor Pipe Support MY Nos. IN71«M001J) and IN71-HO021 are

DRILLCO Maxibolts. These anchors regquire significant preload for

gropar installation which tends to complicate the determination of the
actor of safety provided in the design with regard to pullout,

A straight forward analytical procedure has been develuped by G/C for
determining the anchor's "engineering tension load" which properly
accouncs for prying effects. The procedure provides a practical
solution to the problem of high anchor tensile forces due to prelcad
effects, which in some cases, may approach or sxceed allowable tension
loads befcre any external loads are applied. An outline of the
procedur. is given in Table 1I-1.

The STARDYNE computer program (Ref. 2) is used in this task to perform
the finite element analysis described in Step 1. This program is used
throughout the nuclear industry to parform base plate analyses.

The rigid plate analysis required in Step 2 is analogous to a
reinforced concrete bear analysis by working stress design methods in
which a plane section remains plane. Also, this conventional cracked
section analy. .s method considers only the compression resistance of
the concrete and the tensicn resistance of the anchers. Prying effacts
are not considered in the rigid plate analysis.

The end result (step J) of the procedure outlined in Table II-1 is the
engineering tension force in the ancher. This force does not include
preload tension which i3 consistent with engineering design practice
for all types of connections. It ls also consistent with regulatory
requirements and does not account for prying affects.

Resultant shear forces on each anchor can be determined using
conventional statics methods . they can be obtained from the finite
element analysis results if proper restraints are included in the
model. In this cask, anchor shear forces are calculated manually for
sach of the four DRILLCO anchors on each base plate.

The interaction ratio for shear and tension loads on the anchors is
calculated using the metihod outlined (n the PNPP anchor design guide
which 1s Attachment Ne. 3 to Referencs 1, Allowable tension and shear
loads are cbtained by dividing the SSE design allowables in Table 2 by
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1.4 which provides the appropriate factor of safety for the loading
conditions evaluated.

TARLE I11-3
Procedure for OHtainLa! the
Engineering Tension Load in Preloaded Anchors

1, Perform a finite element cnalysis of the base plate using
conventional industry metheds. The medel accounts for the
compression only contact surface between the underside of the base
plate and the concrete surface and the tension only resistance
provided by the anchors. Fourdation flexibllity and plate
flexibility effects are also ajcounted for in this type of analysis,

In addition to the design load cases, include a load case in which
no axternal loads are applied so that effects of praload only can be
ebtained. Results of the finite element analysis are used to obtain
values for the following variables.

Input Variables:
Ty = anchor "lift off" load from design specifications
Kp = anchor stiffness in tension from design specifications

FEA Output Variables:
dy = anchor displacement due to preload only
4y = anchor dinzlacnn-nt due to preload plus aexternal loads for
load case "{*

Calculated Variables:
Tpo ® anchor tension after elastic compression of foundation due
to preload and vithout external loads
Too * To + Kp*d,

Tpa ™ anchor tension due to preload and external loads
Toa = To * Kpvdy

Kee * equivalent foundation stiffness in the anchor vieinity
Keg = ABS(T,/4,) =~ Ky

2. Perform a rigid plate analysis to obtain anchor tension forces, Typ,
for each of the design lcad cases. Effects of foundation
flexibility are included in this analysis.

3. Using results of the finite element analysis and the rigid plate

analysis, the following calculations are made to determine the
anchor's engineering tension force, The:
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APFENDIX IIIl
HYDRODYNAMIC LOADS EVALUATION:

This report documents the results of hydraulic analyses performed to
determine potential loads on the three foot diameter Circulating Water
Auxiliary Condenser piping for the Perry Nuclear Power Plant.

The Circulating Water system was modeled using the HYTNdl computer
program. HYTN-41 is a general purpese thermal/hydraulic system
analysis computer program. It can be used to simulate hoth transient
and/or steady state non-isothermal fluid flow in a network. The effect
of pump start/stop, valve open/closure and other system control
operations can be modeled. Fur the transients addressed below a
transient simulation of the Cii ulating Water system was performed.

The system model includes the pumps N71-COG1A,B and C. The pumps were
modeled using homologous curves which provide flow, head, speed and
torque characteristics in all four regicns of possible pump operation
(normal, reverse speed dissipation, dissipation zone and turbine zone).
The remainder of the system was hydraulically modeled including the
pump discharge valves (FO20A,B, and C) flow coefficient vs stroke, the
12 ft. underground piping to the main condenser and associated piping,
the discharge piping and the losses associated with the cooling tower,
In addition to the condenser loop, a simplified model of the cooling
tower blowdown was in.luded.

In addition to the primary loop, a detailed model of the Auxiliary
Condenser, inlet and cutlet piping, and motor operated inlet valves
(F180A and B) was integrated into the overall medel. The HYTN41
gimulation is used to determine unbalanced piping locads on the
Auxiliary Condenser inlet and ocutlet piping for three different
scenariocs.

The method used to develop axial piping unbalanced forcing functions 1is
attached.

The System Operating Instruction (SOI-N71) for the Circulating Water
System was reviewed for any system operating transients which might
cause water hammer. No operational transients were identified that
would create a water hammer. Initial fill of the Circulatiny Water
System is very carefully controlled to avoid starting a pump Or opening
a valve with flow into a voided pipe. The only operational transients
which will have any inertial affects, i.e. surge involve starting or
stopping a pump or opening or closing a valve with the system full.

Tre three scenarios evaluater include;
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1. Normal system operation with three pumps running. One pump trips
and its assocliated discharge valve closes.

2. System operation with two of the three pumps running. The remaining
pump starts and its associated discharge valve opens.

J. Normal system operation (three pumps operating). Auxiliary
Condensar Valve F1S50A closes.

Unbalanced piping forces on the Auriliary Condenser inlet and outlet
piping were calculated for each of the above scenarios.

The results of the analysis are presented in Table 11I-1 .
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G/C REPORT: EA~182 REVISION 0O
PERRY NUCLEAR POWER PLANT (TA #92-0002)

TABLE 1II-1

MAXIMUM PIPING LOADS

Pipe Segment Scenario 1 Scenario 2 Scenario 3
Maximum Load Maximum Load Maximum Load
Pos. (Neg.) Pos. (Nea.) Pos. (Neg.)
ket ) - -}
Inlet 1 188, (337:) 282. (379.) 188. (178.)
Inlet 2 73. (138.) 103. (141.) 76. (72.)
Inlet 3 82. (120.) 194. (175.) 89. (86.)
Inlet 4 61, (135.) 163, (140.) 65, (66.)
Inlet § 200. (508.) 585. (455.) 206, (230.)
Inlet 6 59. (170.) 178, (162.) 58, (64.)
Inlet 7 18. (44.) 45, (41.) 14. (26.)
Inlet 8 L (24.) 19. (18.) 22. (7.)
OQutlet 1 9. (24.) 14, (17.) 22. (%.)
Cutlet 2 16. (43.) 44, (3%.) 12. (25%.)
Qutlet 2 46, (117.) 75, (89.) §9. (25.)
Qutlet 4 115, (244.) 177. (190.) 78, (70.)
Qutlet § §0. (1085.) 70, (88.) 37. (37.)
Qutlet 6 $0. (131.) 80. (110.) 37. (37.)
Outlet 7 69%. (181.) 111, (147.) 46, ($1.)
Qutlet 8 680. (1760.) 9%2. (1342.) 73. (146.)
Qutlet 9 721, (2142.) 1350, (1776.) 838. (791.)

Note the piping segments are numbered consecutively from the 12 foot
diameter line to the Auxiliary Condenser and Jrom the Auxiliary
Condenser to the 12 frmot return line with the loads occurring at sach
change in direction.

The analysis is documented in Calculation 2.6.14 Rev. 0,
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G/C REPORT: EA~182 REVISION 0
PERRY NUCLEAR POWER PLANT (TA #92-0002)

IMPULSE LOADS:

Although the steady state, impulse loads due to momentum changes at the
elbovs are normally considered insignificant, calculation N71-08 was
prepared to determine the magnitude of these loads. These loads are
due to the fact that as the fluid changes direction at the elbows, a
force is imparted to the fluid so-as to maintain the conservation of
nomentum, ere is also a reactionary force imparted to the piping
that is equal and opposite in direction to the force on the fluid.
These impulse loads are over and above the pressure loads, which impart
a force of P x A,

Calculation N71-08 documents that these forces are indeed small and are
comparable to a 1.7 psig pressure force. Although small, this
additional lcad has been included in the piping stress analysis by
utilizing a conservative operating pressure of (58+2) = 60 psig for the
inlet piping and (3742) = 39 psig for the outlet piping.

PAGE 18
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SUMMARY OF SIGNTFICANT 1SSUES REGARDING
CIRCULATING VATER PLPE RUPTURE

CIRCULATING WATER (N71) PIPE RJPTURE

On 12722791 at app s«imately 0200 hours thz 36 inch svxiliary clreulating
vater supply line catastrophically failed. The failure vas located in a
fiberglass e.buv in the pipe just prior to the point vhere the pipe
transitions from fiberglass to carbon steel. The pipe vas located in the
yard . ¢a vhere the pipe exits the jround prior to entering the heacet
bay building. As a result of the fallure, approximately 2.687 million
gallons of vater spilled into the yard area, the plant underdrain system,
and into other plant arcas. The plant vas shutdovn until repairs could
be completed

Probable Causes Of Fallure

The plant staff immediately contacted a fiberglass piping consultant to
evaluate the failure. This individual had beon used in other issues
surrounding fiberglass piping on this site and others. Shard mapping of
the failed fiberglass pieces vas completed. Folloving mapping and photo
documentation, the pleces vere collected for reconstruction to determine
the failure wechanism. Ad acent piping, supporte, and adjacent
structures vere thoroughly inspected as part of the root cause effort,
Failed bolts from the piping suppeccts vere analyzed at Centerior’'s
analysis labora.oiles.

Several elements of cause vere identified folloving the above efforts,
These causes vere examined for their respective contribution to the
fallure. They are as follovs:

A.  ADDED STRESS ON FIBERGLASS PIPE AS A RESULT OF AN IMPROPERLY SPACED
0-RING FLANGE SEAlL

An O-ring supplies the sealing mechanism betveen the tlanged portion
of the fiberglass piping and the flange of the carbon steel piping.
The O-ring sits in a 316 stainless steel O-ring retainer. The
O-ring and retainer are manually positioned in the center of the
flanged connection and the flanges are bolted together so that the
0-ring meets the flange faces to provide a pressure seal. Vhen
installe! correctly, the O-ring contacts the one flange face and
there is an approximate 0625 inch gap betveen the O-ring retaine:
and the other flange face. This allows some amount of relative
motion of the flange faces. Inspection of the installed O-ring
shoved that the flange faces vere pulled together to the point that
they vere both contacting the O-ring retainer. Thus, any steel
flange motion vould be move directly transmitted to the fiberglass
piping thas originaliy intended by O.ring flange seal design.

Inftial judgments vere that this situation may have induced
appreciable additional stress into the fiberglass piping such that
thig 1tem vas one of the primary causes of the eventual piping
failure. Hovever, follov-up piping analytical vork has shown the
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relative insensitivity of the fibeiglass piping to imposed
displacements of such magnitude; thus, the overall contribution of
this ftem is judged to be less important than originally considered,

STRESS CONCENTRATION iN THE ELBOV DUE TO AN APPROXIMATE 8 INCH NON
DESIGN AXIAL GROOVE IN THE ELROV TO PIPE BONDING ZONE

The vertical section of the failed elbov is joined to the adjacent
pipe by a butt type loint, A butt joint is joined tegether by &
sleeve. Typically, the bonding areas are prepared and a primer coat
is applied and cured. Folloving cure of the primer, the sleeve
joint is applied to the prepared surfaces and cured. Upon cure, the
sleeve joint attains the approximate physical properties of the pipe
and provides circumferential support and axisl coupling of the pipe
and elbov, The maximum thickness of the sleeve is &t the butt
joint, From this maximum thickness, the slaeve is tapered for a
distance of approximately 70 inches on either side of the butt joint
on the parent pleces,

A typical elbov is composite material approximately 1/2 inches
thick., The interfor .090 inches of the elbov is a resin rich
mixture vhich provides good corrosion resistance but little
strength. The next approximately 0,400 inches of thickness is
composed of voven roving and mat glass fibers in a polyester resin
matrix  This providas the strength characteristics of the elbov.
The exterior 010 inches is also composed of a corrosion resistant
but relatively veak material. Tvo axial grooves vere observed on
the exterior of the failed elbov, These axial grooves appeared to
be mate by a high speed grinder during original construction of the
«lbov or during initial installation. The axial grooves vere in the
Vest by Northvest quadrant of the vertical section ef the elbov
nvrrolilately a' ground leval. The axial groovrs vere approximately
60% through the vall thickness of the elbov. The existence of an
axial groove in the elbov results in both a net cross-sectional area
reduction in the load bearing portion of the elbov and the creation
of a stress concentration Joint at the notch, The end result of the
groove is a reduction in the hoop strength of the elbov. This
reduced strength/stress tiser point vas located near ground level,
vhere soil backfill around the piping causes a relatively highly
loaded area vithin the fiberglass piping.

Inspection of toe fuiled elbov revealed that the groove vas an
initiation site for the initial rupture in the elbov. The
characteristics of the tear indicate that it initiated at the groove
and traveled axially en the elbov from that zone, The failure vas
relatively clean at the initiation point. As the fallure continued
through the elbov, it changed from a "clean" fracture to shredded
jagged tears, It is probable that this secondary tearing occurred
due to the hydradynamic force of the vater after the pipe initially
ruptured. The axinl groove vithin the butt joint bonding area is
concluded to be a flav vith primary causative infivence leading to
the eventual piping failure, vith the subsequent elbov damage most
probably emanating from the initial flaved area,
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€. ADVERSE PIPE SUFPORT INFLUENCE

The first support (IN71-HO011) on the N71 steel piping to the south
of the fibecrglass-steel interface vas intended to function as an
anchot point. As such, i1 should have rigidly held the 36 inch
diameter steel piping so that minimel loads/displacements vere
induced into the fiberglass elbov from the steel piping side of the
interface.

Subsequent to the 12/22/91 event, inspections indicated significant
damage to support IN?1-HOO13, ALl four (4) existing anchors (3/4"
diameter RILTI drop-in anchors holding the support 1o a concrete
sleb) vere fractured. The broken pleces vere removed and forvarded
to Centerdor's testing laboratory for fallure analvsis, Refer to
Attachment 2, Enclosure 1, Addendum A for a completed copy of the
analysis/test report. Observations/conclusions from this analysis
are summatized as follovs:

1.  There are some observed fatigue cracks in the bolts located
avay from the fractured surfaces. There is also some evidence
of corrosion influence on this cracking. It is not possible to
definitively determine if the fractured surfaces are fatigue
driven, Hovever, our judgment is that they are not caused by
fatigue due to the presence of significant bolt plastic
deformation prior to fracture (fatigue failure vould typieally
be more of a brittle type failure vith little distortion vhile
overload failure wvould typically have relatively latge
distortion). Refer to At\ chment 2, Enclosure 1, Addendum 8
for photographs of the falied bolte, It therefore follovs that
the fiberglass piping failed first, with subsequent anchar bolt
failure due to extreme overload.

2. Bvidence exists that indicates that the nuts on the anchor
bolts vere "loose" prior to the piping failure. Thie looseness
permitted the 1,2" thick support bas~plate, and thus the entire
support, to be relatively free to displace minor amounts
(essentially vithin bolt hole clearances). Thread damage on
the bolts indicates a long terw "hammering" action caused by
lateral (horizontal) movementis of the baseplate.

The amount of probable lateral displacement vithin the piping

permitted by the "loose" support, in absolute terms, is not

large (estimated at approximately 1/8"). Initial judgments !
vere that this looseness may have had substantial adverse ;
influence (with regard to stress) on the fiberglass piping: ‘
vith a primary role in leading to the eventual piping failure.

Subsequent piping analytical vork, hovever, has shown a piping

displacement of this magnitude to be of relative little

importance. Therefsre, although the presence of a loose anchoy

support during system cperation is a probable contributor to

the fiberglass piping failure, it is not considered to be a

primary causal factor of the same.
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1.  The Auxiliary Condenser inlet line had additional {iberglass
material added to the elbov to strengthen it and increase its
pressure capacity, Calculations vere performed to determine the
additional waterial neceesary to eliminate any possibie material
degradation concerns. This action vas completed prior to plant
stattup.

2. Careful attention te the correct assembly of the O-ring to ensure
the optimal gap betveen the O.ring retainer and the flange faces vas
met. The discharge line vas also inspected and evaluated. These
actions vere completed prior to plant startup.

3.  Design Change Package (DCP) 91.0288 significantly upgraded the
strength and resis’ance to loosening (under operational system
loading.) for supports IN71-HOO13 and IN71-HOO21 (“"anchors" on both
inlet and discharge N71 piping.) This DCP vas implemented prior to
plant startup.

Long Term Corrective Actions

In addition to the above steps, the Auxiliary Condenser discharge piping
{iberglass elbov vill be evaluated to determine if reinforcement of this
elbov with additional fiberglass is necessary. This evaluation vill be
performed in light of the contribution of age and strength degradation to
the root cause of the failed suction elbov, the lover operating pressure
of the discharge piping and the praviously stated pipe support
modifications. This evaluation will completed by the end of RFO3, An
evaluation to determine the need for heat tracing on the fiberglass
elbovs will alse be completed by the end of RFO3,

The O-ring retainer and flange face spacing for the discharge elbov vas
inspected during the plant shutdovn and did not b the 0625 inch gap
required for optimum spacing. This line vill be revorked to coriect the
spacing evror by the end of RPO3, An evaluation vas performed to justify
interim operation based on the lower operating pressure of the line, the
support modification performed, and the results of inspections performed
prior to plant startup. All major portions of the fiberglass piping vill
be visually inspected for flav indications during RFO3,

11. EQUIPMENT PROBLEMS AND ANOMALIES
Various equipment problems vere experienced folloving the December 22,
1991 ecirculating vater pipe rupture and subsequent plant shutdown. A
summary of the significant problews encountered and the assoclated
corrective actions is provided belov.

A, Electrical Equipment

1. Bus L11 Failure to Transfer

| Upon plant shutdown, i.e., turbine trip, the plant auxiliary
| loads are transferred to plant startup pover sources. This is
accompl ished automatically by: (1) opening 13.8kV breaker

; ‘
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trip/reset action occurred 15 times over a tvo hour period. On
the sixteenth *rip reset, the MFF did not automatically start,

Short Term Corrective Actions

An engineering teviev of the MFP motor's breaker contrel logie
did not revenl any anomalies vhich explain the breaker's
failure o close on the sixteenth close actuation demand. Thie
reviev included examination of the bLreaker's anti.-pump control

logic.

In addition, the breaker vas removed from the cubicle and
cycled satisfactorily using the breaker testing equipment. The
breaker vas disassembled and contacts vere inspected. The
breaker vas reassembled and operated several times in the test
position in the svit:hgear. No problems vere found. During
the initial post event startup of the MFF, the motor wvas
monitored for any unusual noise or vibration. No abnormalities
vere obsetrved.

Long Term Corrective Actions

A failure of the MFP breaker occurred on January 29, 1992, A
failure evaluation is currently in progress and vill reviev any
relation betveen the recent failure and the one vhich occurred
on December 22, 1991,

Startup Transformer Deluge Initiation

This Fire Protection System feature functioned per design vhen
the rate of rise sensors detected a rapid temperature rise vhen
the comparatively hot N71 vater (approximately BO - B85 degrees
Fahrenheit) hit the much cooler transformer, The amount of
vater and location of vater contact did not pose a problem as
evidenced by the continuous operation af Startup Transformer
100-PY-B,

Short Term Corrective Actions

a. Electrical and communicat! & manholes MNos. 1, 2, 3, 4 and
7 vere flooded during thes ent, Security manholes Nos.
60, 66, and 67 vere also { “oded. In manhole No. 2 a
small amount of water vas hserved leaking from
conduits., This resulted 11 water in a Divisien I11 Unit 2
Motor Control Center (MCC). The MCC, from the partially
completed Unit 2 plant, vas not energized. The only other
electrical equipment damage resulting from manhole
flooding vas isolated to manhole No. 3, Water from this
manhole ran back into the south-east corner of the
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Emergency Service Vater Pump House (ESVPH) to electrical
junction box JB1-2114. The vater then passed through a
series of conduits into the MCC EF1AIZ, temperature
detector 1P45-NOBBA, and transmitter 1P45-NOYOA, Most of
the vater ran to the floor; hovever, a small amount of
vater floved into MCC compartment C causing a 120 VAC
control transformer to short, Tvo additional instruments
in the BSVPH, 1P45-NO10O0A and 1P45 NO220A vere found to
have vater in them vhich appeared to be unrelated to the
flooding event. No plausible pathvay for vater entry into
these instruments vas determined.

b. Ground alarms vere expetienced on operation of Service
Vater valves OP41-FO420 and OP41-FO430 vhich vere also
suspected to have resulted from flooding. There vas no
vater found in the valve pit for these valves and the
valves closed vhen required,

Short Term Corrective Actions

The conduits entering junction box JR1-2114 in the ESVPH vere
sealed to minimize vater entry., Additionally a hole plug vas
removed frow the bottom of JB1-2114 to allov vater to drain to
the floor rather than folloving dovnstream conduits. The
affected instruments in the ESWPH vere repaired or replaced as
necessary.

The motor operator for Service VWater valve OP41-FO430D vas found
to be grousded and vas subseguently replaced. Valve OP41-FO420
vas inspected and satisfactorily tested vith no problem
identified,

Long Term Corrective Actions

Additional affected equipment vill be inspected as necessary.

B. Mechauical Equipment

1.

Scram Discharge Volume Failure to Drain

The scram discharge volume (SDV) failed to drain folloving the
manual scram insertion due to a falled stem coupling on the
outboard drain valve 1C11.FD181. The coupling jeins the
actuator to the valve stem. A notification wvas made to the NRC
at 2225 hours on December 22, 1991 to report the SDV drain
failure pursuant to the requirements of 1E Bulletin 80-14. The
failure vas similar to failures reported in General Electric
(GE) Nuclear Services Information Lettar (SI1L)-422. The
consequances of the failed scram discharge drain valve stem
connector vas not significant, All contrel rods vere fully
inserted vith the scram signal.

R e e a
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A replacement coupling vas installed using the guidance
provided in GE SI1L 422, Detailed instructions vere included in
the associated Vork Order to ensure proper assembly during the
reinstallation process.

Long Term Cortective Action

As an additional enhancement to improve the reliability of this
component, Engineering Design Change Request (EDCR) 91-0289 vas
initiated to evaluate potential design improvements to the stem
coupling arrangement,

2. Instrument Air Pressure Not Maintained During Event

It vas originally believed that a problem existed in the
Instrument Alr System due to an inability to maintain system
:rconuro above B6 psig vith a scram inserted and the Safety
elief Valves being cycled. A detailed evaluation of the
sequence of events, system pressure and overall system response
vag petformed, The analysis concluded that the system had
functioned as designed during the event and the Unit 1
Instrument Alr Compressor vas able to supply all requited alr
for important equipment manipulations. The analysis revealed
interrelations associated vith operating modes of the
compressors vhich vere not immediately understood.

Short Term Corrective Actions

The analysis of suspected Instrument Air System problems
resolved previous concerns regarding overall system
petformance. No additional actions are required.

Structural

The only significant structural damage resulting from this event vas
confined to the pipe support discussed previously and soil
displacement in the area where the ruptured piping exited the
ground. Some of the soil and stone used around the yard avea
structures was also displaced as a resuat of the flooding.

Tvo security perimeter detection zones in the vicinity of the pipe
rupture vere affected due to the vashout of aggregate under the
associated security fencing. Appropriate compensatory measures vere
taken. Additional areas affected include a concrete walkvay vhich
vas partially damaged and minor housekeeping problems from displaced
silt and debris.

Short Term Corrective Actions

The soil adjacent to the damaged N71 piping and support vas replaced
per direction of Engineering department personnel. Aggregate vhich
vashed avay under the perimeter security 'ence vas also replaced.
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Areas vhere housekeeping vae degraded as a result of the pipe
rupture vere cleaned up prior to plant startup.

Long Term Corrective Actions

The remaining corrective measutes involve cosmetic repairs to the
yard area and repaitr of the damaged sidevalk. These activities
vill be prioritized commensurate with ongoing plant activities,

RADIOLOGICAL CONSEQUENCES

As & result of the December 22, 1991, event, slightly contaminated vater
and sludge vere deposited in the basement levels of the Intermediate
Building, Radvaste Building, Control Complex, and Unit 2 Auxiliary
Building. The contamination vas spread vhen floor drains in the
buildings backed up during the event. Pover to building sump pumps vas
temporarily lost during the event, vhich contributed to the vater level
in the buildings.

A portion of cortam.rated vater vhich ente.ed the Unit 2 Auxiliary
Building vas inadvertently discharged to the s!te storm drain system
through an unmonitored pathvay. This resulted from a temporary hose
connection vhich connected the Unit 2 Auxiliary Building sump io the
Turbine Pover Complex sump and ultimately to the environment. The
radiological consequences of the event are minimal as indicated by the
table belov, vhich compares the conservative exposure estimates to the
1imits contained in the Periy Technical Specifications.

Event Tech Spec X of Tech
(mrem) limit (mrem) Spec limit s

Total Body Dose 0.000017 3.0 0.000)7%
Organ Dose 0.000031 10.0 0.00031%
Short Term Corrective Actions
Bullding areas vhich became contaminated as a result of the pipe rupture

event vere surveyed and subsequently cleaned up prior to plant startup on
Janvary 3, 1992,

The temporary hose connection from the Unit 2 Auxiliary Building sump has
been removed, eliminating any potential pathvay to the environment.

The site storm drain system vas cleaned during the veek of January 27,
1992,

e
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SAFETY ANALYSIS

None of the equipmwent problems or anomalies described impacted equipment
vequired to safely shutdown the plant; therefore, this analysis vill
focus mainly on the flooding aspects.

The vater discharged by the 36" diameter N71 line bre.k located north of
the Heater Bay at approximately 620' elevation, generally flooded the
yard ares in the immediate vicinity of the break. Approximately one to
tvo feet of vater could have existed for a short duration at the vest
boundary of the flooded area.

A,

Normal Design Flov Path

Normally, most of the vater from the break vould be dissipated by
surface run-off towards lov lying areas avay from the plant, (For
this break, most of the vater would run-off in the north and
notth-vest direction and some in .he north-east direction). Some of
the vater would seep through the class B/C fill (at a very slov
rate, as Class B/C fi1] is neatly impervious to water) around the
building and reach the Underdrain system. The Underdrain system
consists of a 1'-0" thick porous concrete mat under the building
foundations and a 12" diameter porous pipe routed around the
perimeter of the plant. The porous pipe carries the collected vater
to nine (9) individual pumps located in manholes spaced around the
nuclear island. The vater collected in the manholes vould be pumped
to the gravity discharge piping (36" to 48" diameter steel pipe, at
El. 588' [high pointl to El. 579’ [lev point]). 1In the unlikely
event of the failure of all nine (9) pumps, the water level in the
manholes would rise to El. 588’ and be drained to the ESVPH via the
gravity discharge piping. The underdrain system is designed for a
postulated break in the ¢  culating vater system (12'-0" diameter
fiberglass pipe) and is sized to handle the flov from such a break.
The break in the 36" diameter pipe which orcurred above grade vas
determined to be bounded by the break postulated for the design
basis of the Underdrain system.

Estimate of Actual Flow Path

A valk-down conducted on December 22, 1991, revealed that the cover
for manhole No. 20, immediately to the vest of the N71 pipe break,
had been left open, This provided a direct and a much more rapid
path for some of the flood vater to the Underdrain system. This,
along vith the vater that seeped through the ground to the
Underdrain system, is considered to be the main flov path to the
Underdrain system. The pumping capacity of the Underdrain pumps vas
exceeded for some time (this explains the high vater level alarm
received in the Control Room after the break; the alarm is set at
El. 568.57).

The pumped discharge portion of the Underdrain system vas probably
subjected to a more rapid flov from the break (due to the open
manhole) than anticipated by design. Hovever, this did not create a
safety concern since the pumped discharge system is not the primary
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system for keeping the vater level belov F1, 590', The Gravity
Discharge system, designed to perform this function, has been showvn
to be adequate to handle a break in the N71 system vhich envelopes
the current break (discussed above). Further, the ground vater
level vas lovered to El. 568.5¢ soon after the break as contirmed by
a valkdown on December 24, 1991, and plezometer vater level readings
taken on December 26, 1991, This confirmy that the Underdrain
system performed its function as designed.

Additionally, due to open manhole No. 20, there is a possibility
that the capacity of the gravity discharge portion of tie Underdrain
system vas temporarily exceeded, This vould result in the vater
level riging above El. 590’ in the manhole. Hovever, this vater
vould be discharged to the lake via the Gravity Discharge system
before it could fil] the porous concrete and the Class A fill to El.
590', Thus, the vater level could not have exceeded El. 590°
(design basis of the Underdrain system).

The path of ingress of vater into the plant buildings has been
determined to be as follows:

1.  Belov El. 590', vater most probably entered the safety-related
buildings through holes/tears in vaterstops/vater proofing
membranes at the building rattle spaces and plezometer tubes.
The amount of in-leakage vas also somevhat aggravated for this
occurrence by the temporary loss of pover to sump pumps within
the buildings.

2. Above El. 590', all the vater came into the plant vher the
electrical manholes filled and vater ran buck through
underground duct banks inte the plant, into the Service Vator
pump house and into the ESV pump house. The amount of vater
intrusion above El. 590’ vas insignificant and as such had no
safety consequences. The cables in the electrical manholes
vere specified by design to operate for forty years submerged
in vater. The only safety-related equipment affected vas in
the ESV pump house where vater entered into the building at the
south-east 2one Junction Box JB1-2114. Vater then passed
through a series of conduits and boxes and ended up in Motor
Control Center (MCC) EF1A12 causing the failure of a space
heater transformer. Although thie had no safety consequences,
it is of concern due to the fact that vater floved into
safety-related svitchgear. The inlet point fer this vater has
been sealed to prevent any future occurrence.

The extent of in-leakage to plant structures can be attributed to a
very rapid entry of flood vater into the open manhole, causing the
Underdrain system to fi11 up rapidly. It should also be noted that,
for the most part, the floor drains vere able to dissipate the vater
adequately., Thus the items designed to keep the buildings free of
vater performed in an acceptable manner. The actual flood path for
this preak vas not the path anticipated by design, largely due to
the open manhole; hovever, the systems designed to handle flooding
performed adequately as demonstrated by the fact that no essential






